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Background: Intraoperative blood loss during liver resection may be minimized by ablating the liver
parenchyma using radiofrequency (RF) energy. However, it is difficult to estimate the depth of the
avascular plane and more RF energy than necessary may be inadvertently used as a result of lack of
feedback.
Methods: Laparoscopic liver resection was performed on a live porcine model to determine the feasi-
bility and applicability of a model which integrates ablation and division in a single device.
Results: Liver resection was uncomplicated with minimal bleeding. The integration of the ablation and
division mechanism resolved the difficulty of estimating the depth of the avascular plane after coagula-
tion. The real-time feedback mechanism minimized liver damage by eliminating the application of
unnecessary RF.
Conclusions: The proposed model is functionally acceptable and represents a possible method of
determining the depth of the avascular plane and the amount of RF energy required during liver resection.
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Introduction
Many interventions have been applied to reduce intraoperative
blood loss during liver surgery because blood loss is associated
with increased risk for postoperative complications.1 These
include the administration of aprotinin, low central venous pres-
sure anaesthesia and temporary hepatic vascular inflow occlusion
(Pringle manoeuvre), but all these procedures have limitations
and haemodynamic consequences. Ultrasonic surgical aspirators
and compressive bipolar diathermy may reduce intraoperative
blood loss, but they are less efficient in cirrhotic livers.2,3
In recent years, radiofrequency (RF) energy has been intro-
duced to coagulate liver resection margins. The division process is
performed after the liver parenchyma is coagulated to reduce
intraoperative blood loss, but may be limited by the difficulty of
estimating the depth of the avascular plane, and overcutting may
result. In addition, there is no mechanism for obtaining feedback
on the coagulation, and the time and amount of RF needed to
produce reliable coagulation are unknown. Excessive RF energy
may be used inadvertently to arrest bleeding and this may result in
increased liver damage. This is a particular concern in patients
whose liver reserve is compromised by cirrhosis and in those
requiring major resection. To provide efficient liver resection in
terms of time and safety, a model is proposed which integrates
ablation and division in a single device and includes a feedback
mechanism to monitor the coagulation and resection process.
Materials and methods
The proposed model
The proposed model is a single bio-mechatronics device consist-
ing of RF ablation needles and an embedded cutting tool driven by
a compressed air actuator. A laser Doppler blood flow sensor is
incorporated to provide feedback information to help determine
if the tissue has been coagulated appropriately prior to tissue
division.A graphic user interface was built for the device using the
software LabVIEW Version 8.6 to give visual signal once an
acceptably low blood rate is detected. Figure 1 illustrates the pro-
posed integrated ablation and division tool.
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When the tissue is fully ablated and blood flow is sufficiently
low, the device provides a visual signal to the surgeon to com-
mence resection (cutting). Cutting is performed with a knife blade
driven by an air cylinder connected to a solenoid valve and air
compressor. The valve can be toggled open and closed by a switch
on the device handle to actuate the knife blade forward. The
backward action is triggered by means of a spring built into the air
cylinder as a self-retracting mechanism.
The experiment
Inhalational general anaesthesia was administered to a 45-kg, live
adult pig and laparoscopic liver resection was carried out using the
device.
Operative technique (laparoscopic liver resection)
Under general anaesthesia, the animal was positioned supine. The
surgeon was situated at the foot end. One assistant was positioned
on the left and held the camera, and another assistant was posi-
tioned on the right. A nasogastric tube was placed to decompress
the stomach to improve the operative field. The camera was
inserted through a 10-mm vertical umbilical incision. Pneumo-
peritoneum was initiated, after which two 5-mm incisions and
one 15-mm incision were made in the upper part of the abdomen
to permit the insertion of a bowel grasper on the left and the
model device and another bowel grasper on the right.
The bowel graspers assisted the surgeon to mobilize the liver
and to clear the operative field. The line of resection was marked
on the surface of the liver before the liver parenchyma was
resected using themodel device.Ablation and resection were com-
pleted with a single insertion of the device into the liver tissue. The
surgeon activated the knife blade upon reception of the signal by
pressing a button on the handle before the device was withdrawn
and advanced along the line of resection. In the course of resec-
tion, the operator ensured that the model device was parallel to
the line of resection (Fig. 2A, B).
When the resection had been completed, the liver was placed in
a self-constructed bag and removed through the umbilical port.
The operative field was then inspected to ensure haemostasis, after
which the instruments were removed and the wound was closed.
Results
The liver resection was uneventful and the bleeding was noted to
be minimal. Bleeding caused by overcutting was minimized, as
was liver damage caused by recoagulation. The need to exchange
surgical tools was reduced, thereby allowing efficient resection.
Discussion
Radiofrequency ablation involves the use of high-frequency alter-
nating currents which produce ionic agitation that flows through
the needles attached to the probes.4 The division process is
Figure 1 The proposed integrated ablation and division device
Figure 2 (A, B) Liver resection using the integrated ablation and
division device
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performed after the parenchyma is coagulated by monopolar or
bipolar RF ablation.5 Precoagulation performed in this manner is
maximal and complete for each cycle and requires more time and
more RF energy than is really necessary. The liver surface is cut
once the entire transection line has been precoagulated and this
may result in needlessly coagulated and desiccated margins on the
remnant liver.
The integration of ablation, sensor and division mechanisms
into a single device has the potential to reduce operative time and
minimize trauma. Resection can be performed with a single inser-
tion of the device. The laser Doppler blood flow sensor is used for
feedback because the blood flow is low in fully coagulated liver
tissues. This helps the surgeon to determine whether the liver is
properly coagulated before division. This real-time feedback
mechanism minimizes live damage by eliminating the application
of unnecessary RF. In addition, the protrusion of the knife blade is
designed to make sure that the resection is undertaken only in
properly coagulated liver, thereby minimizing bleeding caused by
overcutting.
There are limitations to the model. The laser Doppler sensor
has a sensing zone of 1 cm, which restricts the depth of the knife
blade and therefore the depth of resection. Resection beyond this
1-cm zone is inadvisable. Although laser Doppler is suitable in
terms of functionality and is minimally invasive, this restriction
on the depth of resection compromises the feedback mechanism.
Therefore, our future research will focus on the development of
alternative feedback methods.
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